Introduction
============

Liver cancer is a hepatic malignant tumor, which seriously endangers health. As its morbidity is on the increase annually, liver cancer has become a difficult problem to solve ([@b1-ol-0-0-9640]). In recent years, the therapeutic effect of liver cancer has been greatly improved along with the improvement in treatment methods and the application of numerous drugs ([@b2-ol-0-0-9640]). However, there is still no effective way to cure liver cancer due to multidrug resistance thereof.

Multidrug resistance refers to the resistance of tumor cells to various antitumor drugs ([@b3-ol-0-0-9640]). The molecular mechanism of tumor cell multidrug resistance is very complex. Therefore, in-depth research to solve this problem is imperative ([@b4-ol-0-0-9640]). P-glycoprotein (P-gp), the expression product of multidrug resistance gene 1 (*MDR1*), has ATP-dependent transmembrane transport activity, which can transport drugs to cells and induce drug resistance ([@b5-ol-0-0-9640]). Nuclear factor-κB (NF-κB), participates in information transmission in defense response, tissue damage and stress, cell differentiation, apoptosis, and tumor growth inhibition ([@b6-ol-0-0-9640]).

In the present study, the molecular mechanism of drug resistance in liver cancer was explored by establishing HepG-2 and HepG-2/ADM cell lines and applying immunofluorescence, reverse transcription-polymerase chain reaction (RT-qPCR) and western blot analysis to study the association between NF-κB expression and liver cancer resistance, in order to provide experimental evidence for the prevention and treatment of liver cancer.

Materials and methods
=====================

### Cell lines

The HepG-2 and drug-resistant HepG2/ADM cell lines were purchased from the American Type Culture Collection (ATCC), and Guangzhou Dahui Biotechnology Co., Ltd. (Guangzhou, China).

### Main reagents

Dulbecco\'s modified Eagle\'s medium (DMEM) (Gibco, Carlsbad, CA, USA); fetal bovine serum (FBS) (Gibco); trypsin (Gibco); phosphate-buffered saline (PBS) (HyClone, Logan, UT, USA) bicinchoninic acid (BCA) protein assay kit (Beyotime Co., Shanghai, China); TRIzol total RNA extraction kit (Tiangen Biotech Co., Ltd., Beijing, China); RT-PCR kit (Tiangen Biotech Co., Ltd.); rabbit anti-human GAPDH, NF-κB and MDR1 monoclonal antibodies, goat anti-rabbit secondary HRP and fluorescence secondary polyclonal antibodies (cat. nos. 2118, 4764, 13342, 7074, 4412, respectively; Cell Signaling Technology, Inc.; Danvers, MA, USA). The study was approved by the Ethics Committee of The Sixth People\'s Hospital of Qingdao (Qingdao, China).

### Cell culture

HepG-2 and HepG2/ADM cells were cultured in DMEM containing 10% FBS in a constant temperature incubator with 5% CO~2~ at 37°C. The culture medium was changed every 2 days. The cells were placed onto a 6-well plate in good condition for white light images and immunofluorescence staining, and mRNA and protein were extracted, respectively, for RT-PCR and western blot analysis.

### Immunofluorescence staining

HepG-2 and HepG2/ADM cells were, respectively, inoculated into a 6-well plate at a density of 1×10^5^/ml with 1 ml in each well. The cells were then cultured for 24 h, at 37°C and collected. Cell culture fluid was taken, and the cells were washed by PBS, fixed by 10% formalin, sealed with 5% skim milk and incubated for 1 h at 37°C, followed by the addition of NF-κB and MDR1 primary antibodies (1:100) for incubation at 4°C overnight. The next day, the cells were cleaned with PBS 3 times, followed by the addition of fluorescent secondary antibody (1:500) for incubation at 37°C for 1 h. Fluorescence microscopy (Olympus Corporation; Tokyo, Japan) was used to observe the expression of protein.

### RT-qPCR

HepG-2 and HepG2/ADM cells were, respectively, inoculated into 6-well plates at a density of 1×10^5^/ml with 1 ml in each well. After 24 h, the two kinds of cellular RNA were extracted according to instructions of the RNAiso Plus kit. The cells were rapidly transferred into 1 ml TRIzol reagent, and extracted according to the protocol of the RNAiso Plus kit, and centrifuged for 5 min at 12,000 × g, at 4°C. The supernatant was carefully removed and added with 100 µl chloroform, mixed evenly, placed for 5 min at room temperature, and centrifuged at 12,000 × g and 4°C for 5 min. The supernatant was removed carefully. Then the supernatant was added with the same volume of isopropanol, placed at room temperature for 10 min and centrifuged at 12,000 × g, at 4°C for 10 min. The precipitation was washed with 75% ethanol. Finally, RNase-free water was added to completely dissolve it. The ratio of OD~260~/OD~280~ and the concentration of RNA were measured. The purity and content of the extracted RNA samples were calculated. Then the samples were sub-packaged and stored at −80°C for subsequent experiment. According to the ratio of the PrimeScript^®^ RT reagent kit with cDNA Eraser kit, the reverse transcriptase solution was prepared, and the RNA samples were added for reverse transcription to obtain cDNA. The level of mRNA was measured according to the SYBR^®^ Premix Ex Taq™ II (Tli RNase H Plus) kit. The primer sequences of the corresponding RNA are shown in [Table I](#tI-ol-0-0-9640){ref-type="table"}. The cycle threshold (Cq) value was analyzed using the 2^−ΔΔCq^ method ([@b7-ol-0-0-9640]).

### Western blot analysis

According to the manual of the total protein extraction kit, the cells were lysed and centrifuged at 4°C and 12,000 × g for 10 min. The supernatant was collected as the total protein. The concentration of total protein was measured by BCA protein assay kit, and the protein was stored at −80°C for later use. Total protein extraction and 2X loading buffer (100 µl + 4 µl β-mercaptoethanol) were mixed at a volume ratio of 1:1, treated with boiling water bath for 5 min, naturally cooled and stored in refrigerator at 4°C. The appropriate proportion of 15% SDS-PAGE separation gel was prepared according to the molecular weight of the target protein and frozen for approximately 1 h. Then 5% SDS-PAGE concentrate gel was prepared and frozen for approximately half an hour. After the electrophoretic buffer solution was added, the denatured protein sample was added into the loading well, and the total protein content in each well was kept the same according to a certain protein concentration.

Electrophoresis was performed under a constant pressure of 220 V until the bromophenol blue reached the bottom of the gel. According to the molecular weight of target protein, the gel, a layer of PVDF membrane and six layers of filter paper were cut according to the size of the gel. PVDF membrane and the filter paper were immersed into methanol for 10 sec and transferred into the transfer buffer. Then the positive pole-three layers of filter paper-PVDF membrane-gel-three layers of filter paper-negative order were placed on the membrane transfer instrument. Edge alignment needs attention to prevent blistering. After the membrane transfer under constant pressure of 110 V for 2 h, the membrane attached with protein was blocked using 5% milk for 3 h, the closed membrane was washed with TTBS for 5 min, and incubated with the corresponding proportion of the primary NF-κB, MDR1 and GAPDH antibodies (1:500) at 4°C overnight. The PVDF membrane was washed with TTBS for 5 min, and then incubated with the corresponding secondary goat anti-rabbit secondary HRP polyclonal antibody (1:1,000) at room temperature for 3 h. The membrane was washed again with TTBS (3 times, 10 min each time). Gel imager was warmed up for 30 min, the A, B reagents of ECL kit were evenly mixed at the 1:1 ratio volume and were dropwise added to the PVDF membrane, followed by color development in the dark for 1 min. The excess liquid was dried with the filter and the membrane was placed into the gel imager, followed by photography under dynamic integration model and observation. Lab Works 4.6 professional image analysis software (Lab-works Architecture; Wellington, New Zealand) was used to analyze the image.

### Statistical analysis

The experimental data were expressed by mean ± standard deviation (mean ± SD), and the experimental results were analyzed by Statistical Product and Service Solutions (SPSS) 17.0 statistical software. The means between the two groups were compared by t-test. One-way ANOVA was used for the comparison of means among groups and the post hoc test was SNK test. P-test was used for pairwise comparison. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Cell white images

HepG-2 and HepG2/ADM cells were inoculated in 6-well plates, respectively. When the cells adhered well, cells in the two groups were observed via white images, and they were normal in morphology and could be used for the experiment. As shown in [Fig. 1](#f1-ol-0-0-9640){ref-type="fig"}, the structures of HepG-2 and HepG2/ADM cells were complete and the cell morphology was normal, and there were no significant differences, and could be used for comparative study.

### Results of immunofluorescence staining

NF-κB and MDR1 immunofluorescence staining was performed for HepG-2 and HepG2/ADM cells, respectively ([Fig. 2](#f2-ol-0-0-9640){ref-type="fig"}). Immunofluorescence staining showed that the expression levels of NF-κB and MDR1 in HepG-2 cells were very low, but those in HepG2/ADM cells were increased significantly. Therefore, the expression of NF-κB is closely related to the MDR1 of liver cancer cells.

### Results of RT-qPCR

The total RNA was extracted from HepG-2 and HepG2/ADM cells. RT-qPCR showed that the expression levels of NF-κB and MDR1 mRNA in HepG-2 cells were very low, while those in HepG-2/ADM cells were increased significantly ([Fig. 3](#f3-ol-0-0-9640){ref-type="fig"}).

### Western blot results

Western blot analysis was performed for the protein extracted from HepG-2 and HepG2/ADM cell samples. As shown in [Fig. 4](#f4-ol-0-0-9640){ref-type="fig"}, the expression levels of NF-κB and MDR1 protein in HepG-2 cells were very low, while those in HepG-2/ADM cells were increased significantly. It is concluded that the expression of NF-κB is closely related to the drug resistance of liver cancer, and related to the drug resistance associated protein MDR1.

Discussion
==========

Liver cancer is the general name of two different malignant tumors, namely primary liver cancer and metastatic liver cancer, which seriously threatens people\'s health. The mortality rate of liver cancer is high around the world, and the number of male patients is increasing each year ([@b8-ol-0-0-9640]--[@b11-ol-0-0-9640]). In China, primary liver cancer has developed to be a major tumor second only to lung cancer ([@b12-ol-0-0-9640]). Liver cancer is a serious threat to life. At present, there are many therapeutic methods for liver cancer; however, no method can be used as complete cure, which is closely related to the multidrug resistance of liver cancer ([@b13-ol-0-0-9640]). In this study, the mechanism of drug resistance of liver cancer was studied through using liver cancer HepG-2 cells as the liver cancer model and the HepG-2/ADM cells as the drug resistance model of liver cancer.

The phenomenon of selecting cells against single cytotoxic drugs may develop cross resistance to a variety of drugs with different structures and cell targets is known as multiple resistance ([@b14-ol-0-0-9640]). MDR protein (MDRS) is a highly conserved ATP binding cassette transporter superfamily member. MDR is a top transmembrane protein and a component of the blood-brain barrier function, which transports various drugs as a drug delivery pump from the brain to blood. The multidrug resistance gene is known to be ABCB1 on the human chromosome 7 ([@b15-ol-0-0-9640]). The overexpression of drug transporter protein MDR1 is the main barrier in cancer chemotherapy. The role of MDR1 in inducing cell apoptosis has been demonstrated ([@b16-ol-0-0-9640]) in several cell lines. MDR1 is an ATP-dependent pump to pump the negatively charged drug molecules out of the cell against a concentration gradient, resulting in the decrease of the intracellular drug concentration, and leading to the occurrence of drug resistance ([@b17-ol-0-0-9640]). Moreover, MDR1 can induce tumor drug resistance through reducing the concentration of drugs when reaching the target site by changing the pH value of cytoplasm and organelles, and directly participate in metastasis ([@b18-ol-0-0-9640]).

NF-κB, as a nuclear transcription factor, regulates the expression of a large number of genes, which are critical for the regulation of cell apoptosis, viral replication, tumorigenesis, inflammation and various autoimmune diseases ([@b19-ol-0-0-9640]). NF-κB can be activated by various stimuli, including growth factors, cytokines, lymphokine, ultraviolet, pharmaceutical activity and stress, which is considered to be a part of stress response. In its active form, NF-κB is isolated in the cytoplasm by the restraining of the IκB family members ([@b20-ol-0-0-9640]). Various stimuli are the main causes of the activation of phosphorylated IκB of NF-κB, followed by its ubiquitination and subsequent degradation, resulting in the exposure of the nuclear location signal on the NF-κB subunit and the subsequent transfer of the molecules to the nucleus ([@b21-ol-0-0-9640]).

In this study, HepG-2 cells and HepG2/ADM cells were cultured, respectively, as the model of liver cancer and liver cancer drug resistance. When the cells grew well in good conditions, they were placed onto 6-well plates. The morphology and status of two groups of cells were observed by cell white images. As a result, the structures of HepG-2 and HepG2/ADM cells were complete and the cell morphology was normal, and there were no significant differences. NF-κB and MDR1 immunofluorescence staining were performed for HepG-2 and HepG2/ADM cells, respectively. The differences of NF-κB and MDR1 fluorescence expression levels in two groups of cells were observed. The results of immunofluorescence staining showed that the expression levels of NF-κB and MDR1 were very low, while those in HepG2/ADM cells were increased significantly. The RT-qPCR results showed that the expression levels of NF-κB and MDR1 mRNA in HepG-2 cells were very low, while those in HepG-2/ADM cells were significantly increased. At the same time, western blot results showed that NF-κB and MDR1 protein expression levels in HepG-2 cells were very low, while those in HepG-2/ADM cells were increased significantly. Collectively, the expression of NF-κB in the drug-resistant cells of liver cancer is closely related to the resistance related gene MDR1. This result may provide a new solution for the drug resistance of liver cancer.
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![White images of HepG-2 and HepG2/ADM cells (×200). The structure of HepG-2 and HepG2/ADM cells is complete and the cell morphology is normal, and there are no significant differences.](ol-17-01-1030-g00){#f1-ol-0-0-9640}

![The results of immunofluorescence staining (×200) of HepG-2 and HepG2/ADM cells. Immunofluorescence staining shows that the expression levels of NF-κB and MDR1 in HepG-2 cells are very low, while those in HepG2/ADM cells are increased significantly.](ol-17-01-1030-g01){#f2-ol-0-0-9640}

![Expression levels of NF-κB and MDR1 mRNA in HepG-2 and HepG2/ADM cells. Compared with the HepG-2 cell group, \*\*P\<0.01 (n=3). The expression levels of NF-κB and MDR1 mRNA in HepG-2 cells are very low, while those in HepG-2/ADM cells are increased significantly.](ol-17-01-1030-g02){#f3-ol-0-0-9640}

![Expression levels of NF-κB and MDR1 protein in HepG-2 and HepG2/ADM cells. Compared with the HepG-2 cell group, \*\*P\<0.01 (n=3). The expression levels of NF-κB and MDR1 protein in HepG-2 cells are very low, while those in HepG-2/ADM cells are increased significantly.](ol-17-01-1030-g03){#f4-ol-0-0-9640}

###### 

Primer sequences of related genes in RT-qPCR.

  Gene name   Primer sequence
  ----------- --------------------------------
  *NF-κB*     F: 5′-3′ AGCACAGATACCACCAAGACC
              R: 3′-5′ GGGCACGATTGTCAAAGAT
  *MDR1*      F: 5′-3′ CCCATCATTGCAATAGCAGG
              R: 3′-5′ GTTCAAACTTCTGCTCCTGA
  *β-actin*   F: 5′-3′ GAGCCGGGAAATCGTGCGT
              R: 3′-5′ GGAAGGAAGGCTGGAAGATG

[^1]: Contributed equally
